WO 2004/027489 



17 



PCT/IB2003/003927 



CLAIMS: 



10 



A swhchable optica, elemen. comprising: a fluid chamber (2) including firs, 
and -ond bodies of fluid (20, 22, disposed relative ,„ one another along an optica, ax« , f 
^.enable optical Cement, a first eiectrode (24) coupled to the fust ° « 

Ai. nntical axis in response to a voltage applied to the lirst ana 
Quhitantiallv transverse to the optical axis* m 

along the optical axis. 

The switchable optical element of claim 1, wherein the second fluid (22) is a 
r -a ^th e firstfluid(20)isatleastoneofapolarliquidanda 
non-conducting liquid, and the tirst nuia 

conducting liquid. 

The switchable optica! element of claim 1 or 2, further comprising a firs, 
and second bodies of fluid (20, 22) within the fluid chamber (2). 

The switchable optical element of claim 3, wherein the firs, contact layer (28 

respect to the first fluid (20). 

The switchable optica. Cement of c.aim 3 or 4, wherein the firs, contact laye 
(28) comprises an amorphous fluoropolymer. 

The swi.chab.e optica, e.emen. of any one of .he above claims wherein the 
„s • ..fir* area havinR a first wettability by the first fluid (20), 
25 first contact layer (28) compnses a first area havmg „. Anl& 
.nd a second area having a second, higher wettability by the firs, flurd (20). 

, The switchable optical e.emen. of any one of me above claims, wherein .he 

m „vemen. of .he second body of fluid (22) is caused by an e.ec<ro-we..ing effec, 
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8 The switchable optica, element of claim 7, wherein the first contact layer (28) 

comprises an area at which the separation of the second electrode (26) from the first and 
second bodies of fluid (20, 22) is reduced to locally increase the electro-wetting effect. 

5 9 The switchable optical element of claim 7 or 8, wherein the firs, contact layer 

(28) comprises an area which protrudes into the fluid chamber (2) to locally increase the 
electro-wetting effect. 

10 10 The switchable optical element of any one of claims 7 to 9, wherein the 

interior surfaces of the fluid chamber(2) comprise an homogeneity arranged to increase the 
reproducibility of motion of the second body of fluid (22) in response to a voltage apphed to 
the first and second electrodes (24, 26). 
15 U TheswitchableopticalelementofanyoneofclaimsTmlOasdependenton 
elaim 6, wherein the area of increased wettability is provided on the optical axis of me 
switchable optical element. 

n The switchable optical element of any one of the above claims, wherein the 

20 second electrode (26) comprises a plurah.y of independently addressable secuons. 



13 The switchable optical element of claim 12 wherein the independently 

addressable sections are arranged to provide different wettabilities across the firs, contact 
layer (28) in response to a range of applied voltages. 
25 14 Theswitchableoptica.e.emen,ofanyoneoftheaboveclaims,whereinme 
second electrode (26) is transparent and arranged substantially transverse to the opttcal axrs 

, 5 The switchable optical element of any one of the above claims further 

30 comprising: a third body of fluid (22) within the fluid chamber (2) disposed re.ative to the 
firs, and second bodies of fluid (20,22) along the optica, axis of me switchable opttcal 
e.ement, and a third strode (26'), wherein me third body of fluid (23) is arranged to mov 
in a direction substantially transverse to the optica, axis in response to a vo.tage apphed to 
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the first and third electrodes (24, 26') and thereby change the transmissivity of the fluid 
chamber (2) along the optical axis. 

16 The switchable optical element of claim 15, further comprising a second 

contact layer (28') forming an insulating barrier between the third electrode (26') and the 
bodies of fluid within the fluid chamber. 

17. The switchable optical element of claims 15 or 16, wherein the third body of 

fluid (23) has a different transmissivity spectrum to the second body of fluid (22). 

18 The switchable optical element of any one of claims 15, 16 or 17, wherein the 

interior surfaces of the fluid chamber (2) in contact with the first body of fluid when no 
voltage is applied to the switchable optical element are of higher wettability by the first fluid 
(20) than by the second fluid (22). 

19. The switchable optical element of any preceding claim, wherein all of said 

fluids are of substantially equal density. 



20. 



The switchable optical element of any preceding claim, wherein the switchabl 
20 optical element is at least one of a shutter, a diaphragm, a diffuse reflector or a filter. 

21 An optical device comprising a switchable optical element, wherein the 

switchable optical element comprises a fluid chamber (2) including first and second bodies c 
fluid (20 22) disposed relative to one another along an optical axis of the switchable optical 
25 element, a first electrode (24) coupled to the first body of fluid (20), and a second electrode 
(26) wherein the second body of fluid (22) is arranged to move substantially transverse to tl 
optical axis in response to a voltage applied to the first and second electrodes (24, 26) and 
thereby change the transmissivity of the fluid chamber (2) along the optical axis. 

30 22 The optical device of claim 21, further comprising at least a further switchabl 

optical element according to any one of claims 1 to 20, where the switchable optical elemen 
are configured in series or parallel to provide switchable transmission characteristic for the 
optical device. 
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23. 



24. 

switchable optical element 



The optical device of claim 21 or claim 22 further comprising a lens. 
The optica, device of claim 23 wherein the lens is formed integrally with the 



25. 

electrowetting lens. 



The optica, device of claim 23 or 24 wherein the lens is an adjustable 
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The optica, device of any one of Cairns 21 to 25, wherem the optic* device 

„ W61, for scanning an information layer (64) of an optical record earner 
compnses a device (61) for seanmng ^ ^ md 

^nmnrisinu a first raihahon source (61 1) tor generaimg 
(62), comprising at ^ ^ on ^ mfonnatl0n 

a n objectivesystem(618)forconverg.ng. 

layer (64), and the switchable optical element . arranged to control the firs. 



(612). 



20 arranged to control the second radiation beam. 

r -Mm?*; or 27 wherein the switchable optica! 
28 The optical scanning device of claim 26 or 1 1, wner 

element is incorporated into the objective system (618). 

AmethodofmanufacturingaswitchabUoptica.e.ement.themetiiod 

element, and P ^ ^ mQVe 

second electrode (26), wherem tne ^ ^ ^ 

substantially transverse to optical axis in response to a voltage app 



25 29 



"l-rebychangethe— hyofme fluid chamber (2) along me optica, a, 
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A method of manufacturing an optical scanning device (6.) for scanning an 
30. A mem comprising the steps of: 

(612) ' t "tier (2) inciuding firs, and second bodies (20, 22) of fluid 
„ lU vided comprises: a flmd chamber — * „ (600) , 

disoosed relative to one another along an optical axis or n 

'1 Itrode (24) coupled to the firstbody of fluid (20), and a second electrode (26) 
a first electrode (24) substanti ally transverse to the 

wherein the second body of fluid (22) is arrangeu 

optical axis in response to a voltage applied to the firs, and second electrodes (24, 26) an 
optical axis in r» F „i,„_,i,«- (21 along the optical axis, 

.hereby change me transmissivity of the flmd chamber (2) along 



